
US006659361B2 

(12) United States Patent 
Sasayama et al. 

(10) Patent N0.: 
(45) Date 0f Patent: 

US 6,659,361 B2 
Dec. 9, 2003 

(54) TEMPERATURE CONTROL DEVICE (56) References Cited 

(75) Inventors: Kuboyuki Sasayama, Yotsukaido (JP); US. PATENT DOCUMENTS 

Kazulfa Sam’ N112? (JP); Masahlm 5,697,436 A * 12/1997 Johnson et al. ........... .. 165/254 
Kawa" Kawaguchl (JP) 5,947,373 A * 9/1999 Saito et al. . . . . . . . . .. 237/2 B 

_ _ _ _ 6,148,626 A * 11/2000 Iwamoto ................. .. 62/180 

(73) Asslgneesi glshltt’anlllaccorllittlgagopl; (JP); 6,373,033 B1 * 4/2002 de Waard et al. ......... .. 219/497 
qua ec 0., . 

FOREIGN PATENT DOCUMENTS 
( * ) Notice: Subject to any disclaimer, the term of this 

patent is extended or adjusted under 35 """""" " F25D/9/00 

U'S'C' 154(k)) by 0 days‘ JP 11-183005 6/1999 ........... .. F25D/9/00 

(21) Appl. N0.: 10/376,528 * cited by examiner 

(22) Filed: Feb. 27, 2003 _ _ _ _ 
rzmar xamzner— 1 1am a ner P y E W ll W y 

(65) Prior Publication Data (74) Attorney, Agent, or Firm—Synnestvedt Lechner & 
Us 2003/0127526 A1 JUL 10’ 2003 Woodbridge LLP; Thomas J. Onka, Esq. 

_ _ (57) ABSTRACT 
Related US. Application Data 

The controller 70 of the brine su 1 device 10 erforms the PP y P 
(62) Division of application N°~ 09/845,131, ?led on APL 30, PID calculation of the manipulated variable MV of the valve 

2001’ now Pat‘ NO‘ 6’5 54’196' 14, calculates the compensated manipulated variable MV‘ by 
(30) Foreign Application Priority Data compensating the manipulated value MV; and controls the 

operation of the valve 14 based on the compensated manipu 
oMtay?’ """"""""""""""""""" " lated variable MV‘. The variation AMV of the manipulated 
C ' ’ "" " _ variable MV becomes proportional to the variation APV of 

Mar. 28, 2001 (JP) ....................................... .. 2001-93174 the brine Supply temperature Ptl as the Operation of the 

(51) Int. Cl.7 ....................... .. G05D 23/00; G05D 15/00 valve 14 is controlled With the compensated manipulated 
(52) us. Cl. ....................... .. 237/28; 236/78 D; 700/42; variable MV‘- This makes it possible to Control temperature 

165/62 With a high accuracy using only one set of PID constants. 

(58) Field of Search ......................... .. 237/2 B; 165/62; 
62/238.7; 236/78 D; 700/42 7 Claims, 17 Drawing Sheets 

| | 

\ 41 /@ 
E 11 _ _ 

52 \ 43 42 —-\ 
>4- ‘1 45a 45d 

51 45b 450 

W 54 / Q2: J 64 20 
_> 56 /65e 65d 23 _ 

PM i 84 44 L / / 22 30 

57 """""" " / j / 

, 14 82 ' 
70 W M ‘W , -32 

74 J5 L“\75 L, 5/ l2 . 
: K K / i P12 

653 f E 63 l/ 

[ ' E $ _1‘ 33 
’ \ 

65b 62 65C 21 



U.S. Patent Dec. 9, 2003 Sheet 1 0f 17 US 6,659,361 B2 



U.S. Patent Dec. 9, 2003 Sheet 2 0f 17 US 6,659,361 B2 

F|G.2 

ZQ 
71\ 

81 \ 14 
1st TEMPERATURE VALVE 

SENSOR 

82\‘ f 50 
2nd TEMPERATURE SENSOR C REFRIGERATOR 

P 

84\ 4 TE ERA U 61 th MP TURE SENSOR ELECTRIC HEATER 

76\ f 72 
ROM SETUP UNIT 

77\ TARGET 73 
RAM TEMPERATURE 

ARITHMETIC UNIT 

78* 74 
T'MER PIO ARITHMETIC UNIT 

/ 75 
COMPENSATION 
ARITHMETIC UNIT 
L” 

33 
PROCESS 

POWER SOURCE 



U.S. Patent Dec. 9, 2003 Sheet 3 0f 17 US 6,659,361 B2 

F|G.3 

1 ._ 

k 

n __ 

l l 

PV1 PVZ 

PH 

TEMPERATURE 

WORK A 
TEMPERATURE \/ 

BRINE RETURN /\ 
TEMPERATURE V 

BRINE SUPPLY 

TEMPERATURE U 
OUTPUT OF '—————_I HEATING LOAD 

T1 T2 "HME 



U.S. Patent Dec. 9, 2003 Sheet 4 0f 17 US 6,659,361 B2 

FIG.4 

@ 
S11 BRINE SUPPLY DEVICE 

POWER "ON" 

S12 SV(R) SET I 

OPERATING NO 
SWITCH TURNED 

ON ? 
S13 

S14 OPERATE 1st, 2nd PUMPS | END 

I 
815 OPERATE REFRIGERATOR | 

I 
816 ELECTRICHEATER"ON" | 

I 
817 DETECT Pt1 , Pt2 | 

I 
819 sv(s) <- PM + dt 

l E) 
820 REFRIGERATOR 

CAPACITY CONTROL 



U.S. Patent Dec. 9, 2003 Sheet 5 0f 17 US 6,659,361 B2 

F|G.5 
@ 

PID CALCULATE MANIPULATED 
VARIABLES MV , mv 

I 

822 CALCULATE COMPENSATED 
MANIPULATED VARIABLE MV‘ 

MV‘ <~ MV X K 

1 
S23 CONTROL VALVE WITH MV 

l 

824 CONTROL HEATER WITH mv 

S28 sv(s) <- sv(s) - 0.1 
S29 
sv(s) <— sv(s) + 0.1 | 

OPERATING YES 
SWITCH TURNED 

ON ? 
S30 



U.S. Patent Dec. 9, 2003 Sheet 6 6f 17 US 6,659,361 B2 



U.S. Patent Dec. 9, 2003 Sheet 7 0f 17 US 6,659,361 B2 



U.S. Patent Dec. 9, 2003 

FIG.9 
119 

171 / 

1st TEMPERATURE 
SENSOR 

2nd TEMPERATURE 
SENSOR ILILI 3rd TEMPERATURE 

Sheet 8 0f 17 

VALVE 

SENSOR 

176\ 

4th TEMPERATURE 
SENSOR 

FLOW RATE SENSOR ULII 
ROM 

RAM 

TIMER LII 

REFRIGERATOR 

ELECTRIC HEATER 

SETUP UNIT 

PROCESS 
POWER SOURCE IJIIIIIIII 

US 6,659,361 B2 

114 

50 

61 

72 

33 





U.S. Patent Dec. 9, 2003 Sheet 10 0f 17 US 6,659,361 B2 

FIG.11 

@ 
BRINE SUPPLY DEVICE S100 POWER "ON" I 

TIME 
CONSTANTS T1 , T2 

S150 MANUAL INPUT 
? 

CONSTANTS T1 , T2 

I 

MANUALLY INPUT TIME I 8151 NO 

S200 SAMPLING MODE 

WORK 
TEMPERATURE 
CONTROL MODE 

YES NO 

S201 
NO OPERATING 

SWITCH TURNED 
ON ? 

OPERATING 
SWITCH TURNED 

ON ? 

S202 OPERATE 1st, 2nd PUMPS | OPERATE 1st, 2nd PUMPS $302 
I l 

S203 OPERATE REFRIGERATORI OPERATE REFRIGERATOR 3303 
I I 

5204 ELECTRIC HEATER"ON"| ELECTRIC HEATER’ON" 3304 

d) O 



U.S. Patent Dec. 9, 2003 Sheet 11 0f 17 US 6,659,361 B2 

5211 DETECT P11 , P12 , Pt3 , F | 

S212 dt <- SV(R) - Pt2 

S213 sv(s) <- PM + dt | 

NO 
S214 

YES 

HEAT LOAD 0% , 
S215 DETERMINE SV(S)[0] 

TIME YES 
3216 CONSTANTS T1 , T2 

RECOQNIZED 
NO 

821 AUTOMATIC RECOGNITION 
7 OF TIME CONSTANTS T1 , T2 

NO PROCESS 
HEATER TURNED 

ON ? 
S218 



U.S. Patent Dec. 9, 2003 Sh?it 12 0f 17 US 6,659,361 B2 

F|G.13 

GD 
3221 DETECT Pt1 , P12 , Pt3 , F I 

8222 d1 <- SV(R) - P12 I 

5223 sv(s) <- P11 + dt I 

S224 | SWR) f0 l < B 

YES 

HEAT LOAD 100% , S225 DETERMINE sv(s)[1001 I 

8226 A sv(s) <— sv(s)[0] - sv(s)[1o01 I 

NO PROCESS 
HEATER TURNED 

OFF 2 
S227 

NO OPERATING 
S228 SWITCH TURNED 



U.S. Patent Dec. 9, 2003 Sheet 13 0f 17 US 6,659,361 B2 

FIG.14 

AUTOMATIC RECOGNITION 
OF TIME CONSTANTS T1 , T2 

S231 SVISI <— SVISIIOI | 

3232 PROCESS HEATER "ON" 

WORK 
3233 TEMPERATURE Pt2 

SETTLED ? 

CALCULATE AND DETERMINE I 
S234 TIME CONSTANT T1 

5235 PROCESS HEATER "OFF" 

S236 

S237 CALCULATE AND DETERMINE 
TIME CONSTANT T2 



U.S. Patent Dec. 9, 2003 Sheet 14 0f 17 US 6,659,361 B2 

F|G.15 

PROCESS N0 
HEATER TURNED 

ON ? 

6 6) 
S312 PREDICTIVE CONTROL OF sv(s) I 

S311 

YES 

l 
3313 DETECT Pt1 , Pt2 , Pt3 , F 

OFF? 



U.S. Patent Dec. 9, 2003 Sheet 15 0f 17 US 6,659,361 B2 

F|G.16 

(F) 
S321 PREDICTIVE CONTROL OF SV(S) 

S322 DETECT P? , Pt2 , Pt3 , F 

S323 |$V(R) ftz | < 5 

YES 8325 

S324 SV(S) = SV(S) dt <- SV(R) - m2 | 

OPERATING 
SWITCH TURNED 

OFF ? 
S328 

PROCESS N0 
HEATER TURNED 

YES 



U.S. Patent Dec. 9, 2003 Sheet 16 0f 17 US 6,659,361 B2 

TIME 

A mg 
08 (100%) 2 

O 

ElH?iVEIEIcIWEIl CIVO'I .LVEIH 

F|G.17 



U.S. Patent Dec. 9, 2003 Sheet 17 0f 17 US 6,659,361 B2 

F|G.18A 

-|-| HEAT LOAD TEMPERATURE 
_L CD w 

HEAT LOAD TEMPERATURE 

SV(R) ‘ 

ON 
(100%) 
OFF 
(0%) 

TIME 

TIME 



US 6,659,361 B2 
1 

TEMPERATURE CONTROL DEVICE 

This application is a divisional of Ser. No. 09/845,131 
?led Apr. 30, 2001, now US. Pat. No. 6,554,196. 

This application is based on Japanese Patent Application 
Nos. 2000-133616, 2000-332716 and 2001-93174 ?led on 
May 2, 2000, Oct. 31, 2000 and Mar. 28, 2001, the contents 
of Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a temperature control apparatus 

that adjusts the temperature of a heating medium supplied to 
a load or the temperature of the load itself. 

2. Description of the Related Art 
For processes of manufacturing liquid crystal panels or 

semiconductors, it is an essential requirement to be able to 
control temperatures, so that various temperature control 
devices are used. Some of those temperature control devices 
use brine supply devices. This kind of brine supply devices 
supply a temperature controlled heating medium, i.e., brine, 
to a load circuit, Where the Works, such as LCD panels, are 
disposed as a load, in order to maintain the temperature of 
the Works constant. 

For eXample, the Publication of Unexamined Japanese 
Patent Application No. JP-A-11-183005 disclosed a brine 
supply device consisting of a primary circuit that adjusts the 
brine temperature to a speci?ed temperature, a secondary 
circuit that adjusts the brine temperature supplied to the 
Works to a target temperature, and a valve that adjusts the 
How rate of the brine that ?oWs in from the primary circuit 
to be miXed With the How of the secondary circuit. In this 
device, the valve opens When the Work temperature rises 
above the preset temperature and causes the cooler brine 
from the prime circuit to be miXed at a predetermined ?oW 
rate With the secondary circuit brine. This loWers the tem 
perature of the brine being supplied to the Works to the 
preset temperature. 

The PID control and the cascade control that combines 
tWo PID controls are the tWo most Widely used control 
methods for controlling the above-mentioned valve in order 
to achieve the temperature control. In order to achieve a 
good control result by the PID control, it is necessary to tune 
P (proportional band), I (integral time), and D (differential 
time) constants to their optimum values. The PID constants 
are determined by means of a trial-and-error method While 
making a trial run of the device. 

In the control of the valve operation, the variation AMV 
of the manipulated variable MV obtained by PID calcula 
tions and the variation APV of the temperature are not 
proportional to each other. Therefore, a good control result 
is not obtainable by applying only one set of the PID 
constants Within the temperature range to be controlled. 
Therefore, the temperature range to be controlled is divided 
into multiple segments and PID constants are determined for 
each temperature range segment. The problem here is that 
the tuning process becomes more compleX and requires a 
longer time to complete as multiple sets of PID constants 
have to be determined. 

In a process such as the one found in a semiconductor 
manufacturing system, a large heat load can be supplied to 
the Work Within a short time interval from an eXternal heat 
source provided on said process side, or abruptly taken 
aWay. It is a system’s requirement to maintain the Work 
temperature at the predetermined temperature at all times 
despite these heat load variations from the external heat 
source. 
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2 
In case of feedback control systems such as the PID 

control system, the Work temperature change according to 
the heat quantity variation is small if the change of heat load 
applied to the Work is small, so that the Work temperature 
can be maintained at the predetermined temperature With a 
suf?cient accuracy. 

HoWever, in a feedback control system it is impossible to 
make the brine supply temperature change quick enough to 
folloW the Work temperature change if a large heat load 
change is made Within a short period of time, Which causes 
a hunting and instability of the control system in adjusting 
the Work temperature to the predetermined temperature. 

SUMMARY OF THE INVENTION 

The present invention Was made under the circumstances 
described above and its objective is to provide a temperature 
control device that can accurately control temperatures using 
only one set of PID constants. 

The other objective is to offer a Work temperature control 
device With an improved stability in adjusting the load to a 
predetermined temperature minimiZing the probability of 
causing load temperature hunting phenomena. 
The abovementioned object of this invention can be 

achieved With the folloWing means. 
The present invention is a temperature control device 

characteriZed by comprising: 
a primary circuit for adjusting the temperature of a ?rst 

heating medium to a predetermined temperature; 
a secondary circuit for adjusting the temperature of a 

second heating medium, Which is to be supplied to a 
load, to a target temperature (SV(S)); 

a valve for adjusting the ?oW rate of the ?rst heating 
medium, Which is to be miXed With the second heating 
medium or conducts a heat eXchange With the second 
heating medium; 

a supply temperature detection unit for detecting the 
current supply temperature (Ptl) of the second heating 
medium; 

a PID arithmetic unit for calculating the manipulated 
variable (MV) of said valve based on the target tem 
perature (SV(S)) of the second heating medium, the 
current supply temperature (Ptl) of the second heating 
medium, and a predetermined set of PID constants; 

a compensating arithmetic unit for calculating a compen 
sated manipulated variable (MV‘) by compensating the 
manipulated variable (MV) calculated by said PID 
arithmetic unit; and 

a control unit for controlling the operation of said valve 
based on the compensated manipulated variable (MV‘); 
Wherein 

the variation (AMV) of the manipulated variable (MV) is 
made proportional to the variation (APV) of the current 
supply temperature (Ptl) of the second heating medium 
by means of controlling the operation of said valve 
based on the compensated manipulated variable (MV‘). 

The compensating factor k (Oéké 1), by Which the 
manipulated variable (MV) is multiplied at the compensa 
tion arithmetic unit, is de?ned as folloWs: 

Where, 
PVI: loWer limit of the operating temperature of the 

second heating medium; 
PV2: upper limit of the operating temperature of the 

second heating medium; 
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Ptl: current supply temperature of the second heating 
medium; and 

n: a constant for limiting the manipulated variable When 
the second heating medium supply temperature is equal 
to the upper limit PV2. 

According to the temperature control unit described 
above, the supply temperature of the second heating medium 
can be adjusted to a desired temperature by means of only 
one set of PID constants for a Wide temperature range from 
the loWer limit to the upper limit of the operating tempera 
ture of the second heating medium. Consequently, it 
becomes possible to adjust the load to a predetermined 
temperature by means of only one set of PID constants. 
Since it is required to determine only one set of PID 
constants, the determination process can be easily performed 
and the user can easily change the setup temperature of the 
load. 

The present invention is a temperature control device that 
maintains the temperature of the load to a setup temperature 
(SV(R)), While the heat load added thereto by an eXternal 
heat source is changed, comprising: 

a supply temperature detection unit for detecting the 
current supply temperature (Ptl) of a heating medium 
supplied to the load; 

a load temperature detection unit for detecting the current 
temperature (Pt2) of the load; 

an adjusting unit for adjusting the supply temperature 
(Ptl) of the heating medium; 

an acquiring unit for acquiring in advance a ?rst tempera 
ture change curve (L1) of the load When said heat load 
is changed While maintaining the supply temperature 
(Ptl) of the heating medium constant; 

a ?rst calculating unit for calculating an imaginary second 
temperature change curve (L2) of a load (W), Which is 
in aXial symmetry With said ?rst temperature change 
curve (L1), based on the setup temperature (SV(R)) of 
the load; 

a second calculating unit for calculating a target tempera 
ture change curve of the heating medium for 
realiZing said second temperature change curve (L2); 
and 

a control unit for controlling said adjusting unit so that the 
supply temperature (Ptl) of the heating medium 
changes according to said target temperature change 
curve When the heat load applied to the load by 
said eXternal heat source is changed. 

According to the temperature control unit described 
above, since the supply temperature of the heating medium 
is adjusted predictively before a temperature change occurs 
in the load due to the heat load change, the difference 
betWeen the load temperature and the setup temperature 
does not groW as large as in feedback controls such as the 
PID control. Consequently, the load temperature can be 
maintained constant With a smaller hunting compared to the 
feedback control even When a large heat load change occurs 
in a short period of time, thus making it possible to achieve 
a higher control stability in adjusting the load to a setup 
temperature. 

Other objects, features and characteristics of the invention 
Will become apparent With reference to folloWing descrip 
tions and preferred embodiments exempli?ed in the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the ?rst embodiment of the brine supply device 
to Which the temperature control device of the invention is 
applied; 
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FIG. 2 is a block diagram shoWing a controller that 

controls the operation of the brine supply device; 
FIG. 3 is a graph shoWing a compensating factor k 

(Oéké 1) that is multiplied to the manipulated variable MV 
of a solenoid valve and the brine supply temperature Ptl; 

FIG. 4 and FIG. 5 constitute a How chart describing the 
operation of the ?rst embodiment; 

FIG. 6 is a chart conceptually shoWing an eXample of 
temperature change in the ?rst embodiment; 

FIG. 7 is a constitutional diagram shoWing a variation for 
detecting the current temperature of the load by measuring 
the temperature of the brine returning from the load; 

FIG. 8 is a constitutional draWing shoWing the second 
embodiment of the brine supply device to Which the tem 
perature control device of the invention is applied; 

FIG. 9 is a block diagram shoWing a controller that 
controls the operation of the brine supply device; 

FIG. 10 is a descriptive draWing of the basic operating 
principle; 

FIG. 11 through FIG. 16 constitute a How chart describing 
the operation of the second embodiment; 

FIG. 17 is a chart conceptually shoWing an eXample of the 
Work temperature and a brine supply temperature changes in 
the sampling mode; 

FIG. 18A is a chart conceptually shoWing an eXample of 
the Work temperature When the heat load to the Work from 
the external heat source is changed While maintaining the 
temperature of the brine supplied to the Work constant; and 

FIG. 18B is a chart conceptually shoWing an eXample of 
the Work temperature and the brine supply temperature 
changes in the Work temperature control mode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The temperature control device according to the present 
invention Will be described in detail according to preferred 
embodiments shoWn in the accompanying draWings. 
[Embodiment 1] 
The ?rst embodiment of the brine supply device as a 

temperature control device Will be described beloW referring 
to FIG. 1. 
The brine supply device 10 is connected to a load circuit 

20 Where a Work W is disposed as a load. The brine supply 
device 10 includes: a primary circuit 11 for adjusting the 
temperature of brine (?rst heating medium); a secondary 
circuit 12 for adjusting the brine (second heating medium) 
supplied to the Work W to a target temperature; a connecting 
line 13 to connect the primary circuit 11 and the secondary 
circuit 12, and a valve 14 provided in a connecting line 13. 
Brine of a relatively loW temperature circulates in the 
primary circuit 11 and brine of a relatively high temperature 
circulates in the secondary circuit 12. Aportion of the brine 
in the primary circuit 11 miXes With the brine in the 
secondary circuit 12 through the connecting line 13. The 
How rate of the brine from the primary circuit 11 to be miXed 
With the brine in the secondary circuit 12 is adjusted by the 
opening/closing operations of the valve 14 to control the 
supply temperature of the brine to be supplied to the Work 
W. The temperature of the Work W is adjusted by the 
temperature controlled brine. The controller 70 controls the 
operation of the brine supply device 10. The brine to be used 
here can be, e.g., ?uorine based brine, cold Water, pure 
Water, refrigerant, etc., and a brine suitable for the Work W 
Will be selected. 
More speci?cally, the primary circuit 11 includes a brine 

tank 41 for storing the brine, a ?rst pump 42 for circulating 




















